The sika deer (Cervus nippon) are considered to be an invasive species in Europe. The main problem that the European free-living sika deer pose is damage they do to forests as well as hybridisation with the local red deer. The aim of this study was to analyse the genetic diversity of the sika deer and the red deer in Lithuania, and to determine the hybridization, which might be present in red deer population from the past release of sika deer into the nature. Tissue samples were collected from 30 sika deer individuals from enclosures, and 33 wild-living red deer. Samples were genotyped using seven microsatellite (STR) loci; genetic diversity indices were calculated and individuals were classified using Principal Coordinate Analysis (PCoA); the genetic structure of sika deer and red deer was investigated according to Bayesian clustering method using STRUCTURE software. The STR loci were highly polymorphic with up to 17 alleles per locus, and with an average heterozygosity Ho=0.695 and Ho=0.626 for sika deer and red deer respectively. Overall inbreeding coefficient (F IS ) values are 0.004 and 0.127 in sika and red deer respectively. According to the PCoA sika deer samples differ from those of red deer; however, few red deer individuals mix with sika deer. These animals were attributed to red deer according to their phenotype; however according to their genotype they are closer to sika deer. Thus, it can be concluded that wild red deer in Lithuania may hybridise with sika deer.
Introduction
The sika deer (Cervus nippon) is a ruminant originally comprising 13 subspecies (Whitehead, 1993) and distributed across Eastern Asia (Sheng, 1992 ; Shen-Jin et al., 2014) . In Europe, sika deer are considered to be an invasive species. They were resettled to European zoos and enclosures from China, Japan, Korea, Taiwan, Russia and Vietnam (Mattioli, 2011) . Sika deer were released or escaped from enclosures or other structures in the late 19th and early 20th centuries. For the first time the sika deer (Cervus nippon manthuricus) was introduced to Lithuania in 1954 from the Gorno-Altaysk area and released into the Dubrava forest near Kaunas (Central part of Lithuania). This sika deer herd consisted of 6 males and 18 females. Between 1954 and1992, the sika deer were found in Liepkalnis forest in Jonava region and Dubrava forest in Kaunas region, however since 1992 the sika deer had not been seen and recorded in the wild (Baleišis et al., 2003) . Since 1988, the sika deer have been farmed in Kaunas region, Didžiosios Lapės. Ten years later, almost 750 sika deer were kept in enclosures in all Lithuania and the latest data from the Ministry of Environment indicate that currently there are approximately two thousand sika deer bred in enclosures.
Commonly used genetic markers in sika deer and red deer are bi-parental inheritated microsatellite (STR) markers (Nagata et The aim of this study was to analyse the genetic diversity of the sika deer, to compare it with the diversity found in hunted red deer and to evaluate possible hybridization of the sika deer and the red deer in Lithuania.
Material and Methods
Tissue samples were collected from 30 sika deer in 2012 and 2013 from three enclosures in different localities in Lithuania and from 33 red deer in central and northern parts of Lithuania (Kėdainiai, Molėtai, Panevėžys and Ukmergė districts), from legal hunted animals in the same period.
Total genomic DNA was extracted from muscle tissue using the Genomic DNA Purification Kit K#0512 ("Thermo Fisher Scientific Baltics", Lithuania) according to the manufacturer's instructions. The microsatellite analysis was used to compare the genetic profiles of individual sika deer and wild red deer. Genotyping was based on seven microsatellites: RT1, RT23 (Wilson et al., 1997) ; NVHRT16, NVHRT21, NVHRT48, NVHRT73 (Roed & Midthjell, 1998) ; BM888 (Bishop et al., 1994) . The total reaction volume of 20 μl contained 1X Taq buffer with (50 mM KCl), 0.2 µM of each primer, 0.2 mM dNTPs, 2 mM MgCl2, 0.2 unit (U) Taq DNA polymerase, 50 ng of the tested DNA and water. PCR mixture without DNA was used as a negative control for each reaction. The DNA amplification was performed in a MasterCycler gradient thermal cycler (Eppendorf AG, Germany), under the following conditions: an initial denaturation at 95 °C for 10 minutes, followed by 30 cycles of 95 °C for 30 seconds, 54 °C or 52 °C (depending on the primer annealing temperature) for one minute and 72 °C for 90 seconds, the final extension at 72 °C for 10 minutes. PCR products were separated by capillary electrophoresis using the ABI3130 Genetic Analyser (Applied Biosystems Ltd., Germany). Prior to capillary electrophoresis, the PCR products were diluted 10 times with deionized formamide, and the DNA length standard GeneScan-500 LIZ was added to the solution.
Genotyping was based on electropherogramme peaks with the GeneMapper 4.0 programme (Applied Biosystems, Ltd., Germany). Evidence for null alleles, stutter-errors and large allele drop-out were checked using Micro-Checker version 2.2.3 software with 95% confidence intervals (van Oosterhout et al. 2004 ). Identified allele size data was entered and processed with GenAlEx6.501 (Peakall & Smouse, 2012) , individuals were classified by Principal Coordinate Analysis (PCoA). Allelic richness values were calculated with FSTAT (Goudet, 1995) . Coefficient FIS was calculated according to Weir and Cockerham and for the Hardy-Weinberg equilibrium estimation we followed the probability test approach using the program GENEPOP version 4.2 (Rousset, 2008) .
Analysis of population and individual admixture was performed with a Bayesian clustering algorithm presented in STRUCTURE 2.3.4 (Falush et al., 2003; Hubisz et al., 2009 ). This model proposes that the K populations are each described by a set of allele frequencies at each locus. The two colours indicate the clusters of the different STRUCTURE. The model introduces a population structure by assigning the ancestry of individuals probabilistically to 1 or more populations. A Markov chain with 500 000 iterations following a burn-in period of 500 000 iterations was used. The probable number of clusters was determined by the delta K criterion with the STRUCTURE HARVESTER Web version 0.6.93 software (Earl & von Holdt, 2012) .
Results
Of the seven microsatellite markers tested, six could be amplified in sika deer and red deer. All amplified loci were polymorphic, null alleles were determined in three loci (NVHRT21 in the sika deer and NVHRT21, RT23, NVHRT16 in red deer). No evidence for stutter-errors and large allele drop-out were detected. Allelic richness data of the six microsatellites are given in Table 1 . Pooling all the data, the mean number of alleles per locus was 9.17 in sika deer and 10.33 in red deer; the highest number of alleles (17) was detected at the NVHRT73 and NVHRT21 loci and the lowest (3) at the RT23 locus. Average allelic richness values were 5.004 and 5.659 for sika and red deer respectively. The observed heterozygosity (Ho) per locus was rather high, between 0.367 (RT23) and 0.967 (NVHRT48) with an average 0.695 heterozygosity in sika deer, and between 0.030 (RT23) and 1.000 (NVHRT48) with an average 0.626 in red deer. The overall inbreeding coefficient (FIS) values were 0.004 and 0.127 in sika and red deer respectively. Deviation from Hardy-Weinberg proportions was found in three and five out of six polymorphic loci in sika and red deer respectively. The principal coordinate analysis of sika deer and red deer populations in Lithuania. Special issue   -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Figure 2 . Individual-based clustering results: STRUCTURE results for K = 2. Sika deer -1, red deer -2.
According to the PCoA, samples of sika deer and red deer are slightly different, however, the two groups are not clearly separated. STRUCTURE analysis (Fig. 2) of both species microsatellite genotypes provided the strongest support for the grouping of the genetic variation into 2 clusters (K = 2) based on ΔΚ (451.799853). An important finding, as seen in Fig. 2 , is the existence of individuals in sika deer population that were assigned to the red deer cluster and individuals of red deer population that were assigned to the sika deer cluster.
Discussion
Genetic analysis using microsatellite markers provides useful information in studying the population structure of animals. Loci used in this study have been used previously in the study of genetic diversity of red deer, roe deer (Capreolus capreolus), fallow deer (Dama dama) and reindeer (Rangifer tarandus) (Wilson et . So far, no data were published on genetic diversity of sika deer or red deer populations from Lithuania using microsatellites. Average number of alleles per locus in sika deer (9.17) and red deer (10.33) as well as the observed heterozygosity of the sika deer (0.695) and red deer (0.626) from Lithuania were within the range found previously in populations of these species. Higher diversity indices might be the result of a higher number of individuals analysed, larger sampling area or different set of microsatellite markers employed.
Our study showed that at some loci, observed and expected heterozygosity differed. The loci showing considerable differences in observed and expected heterozygosity levels were found to deviate from HardyWeinberg equilibrium. These deviations could be attributed to the presence of null alleles or to the limited sample size. Inbreeding coefficients for the sika deer and red deer were low, but similar to those found in previous studies (Nagata et Sika deer is assumed to be one of the most invasive introduced species in Europe (DAISIE, 2009). Therefore, it has been argued that immediate actions should be taken to impede quick expansion of this species (Nentwig et al., 2010) . Originally from Japan, the sika deer are strongly genetically differentiated from the native red deer with which they hybridise (Goodman et al., 1999) . Red deer are larger than sika, typically around 30 cm taller at the shoulders and whilst the red stags can grow antlers of 12 points or more, sika antlers rarely exceed eight points (Whitehead 1964 , Harrington, 1973 . Hybridisation is a problem in Europe in terms of the areas in which free-living red deer cross-breed with the sika deer (Goodman et 
